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EXECUTIVE  SUMMARY 


The  31st  seminar  of  NATO's  Defense  Research  Group  (DRG)  was  on  battlefield 
robotics  and  was  hosted  by  the  Ecole  Nationale  Superieure  des  Techniques  Avancees 
(ENSTA)  in  Paris  from  March  6  to  8, 1991. 

In  July  1985,  a  NATO  exercise  (DRG  Commission  1)  on  the  same  topic  was  held  at  the 
same  location.  The  DRG  seminar  therefore  provided  the  forum,  five  years  after  this 
exercise,  for  taking  stock  of  the  work  done  on  battlefield  robotics  and  to  measure  the 
progress  made  during  this  period. 

The  seminar  was  attended  by  almost  230  people  -  a  record  for  NATO  DRG  seminars  - 
representing  both  the  Services  and  the  university  and  industrial  worlds  of  most 
NATO  countries. 

Participants  were  able  to  hear  more  than  35  papers  and  attend  a  number  of  poster 
sessions.  Topics  included  the  programmes  conducted  by  the  various  countries  as  well 
as  research  on  more  technical  or  scientific  aspects  of  battlefield  robotics. 

From  these  papers  and  the  accompanying  discussions,  the  following  main  conclusions 
may  be  drawn: 


-  Battlefield  robotics  is  becoming  a  field  in  itself  and  is  generating  its  own 
momentum,  but  it  still  needs  to  be  given  structure  and  form. 

-  Land-based  battlefield  robotics  (vehicles)  cannot  be  fully  distinguished  from  the 
aerial  robotics  (drones),  and  synergies  are  possible  between  the  two. 

UNCLASSIFIED/  UNLIMITED 
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-  There  should  be  no  polarisation  between  "teleoperated”  and  "autonomous” 
systems,  since  there  is  an  infinity  of  intermediate  solutions  between  the  two 
extremes. 

/ 

-  Progress  should  be  made  in  demonstrating  the  operational  validity  of  battlefield 
robotics  concepts.  This  assumes  increasing  user  involvement  and  a  concrete, 
pragmatic  approach  in  projects. 

-  Much  progress  is  still  required  in  certain  fundamental  technical  aspects  of 
battlefield  robotics  (man-robot  interface,  perception  of  the  environment,  data 
communication,  etc). 

-  The  short,  medium  and  long  term  objectives  should  be  more  clearly  identified,  so 
that  those  involved  (the  services,  research  laboratories  and  manufacturers)  can 
build  their  own  coherent  strategies. 

It  appears  that  Battlefield  Robotics  is  a  field  which  lends  itself  well  to  a 
complementarity  between  the  work  done  in  the  different  countries  and  that  increased 
international  collaboration  in  this  field  is  wished  by  most  of  the  participants. 

In  the  seminar's  closing  session,  the  Ingenieur  General  de  I'Armement  Paul  Ivan  de 
SAINT  GERMAIN,  Director  of  Research  (DRET  :  Direction  des  Recherches,  Etudes 
et  Techniques)  at  the  French  Ministry  of  Defence,  noted  the  discussions  held  during 
the  seminar  and  their  main  conclusions. 

He  was  pleased  with  the  progress  achieved  in  battlefield  robotics,  the  momentum  that 
is  building  and  the  desire  for  cooperation  between  NATO  partners. 

To  strengthen  this  cooperation,  he  suggested  that  NATO's  DRG  set  up  an  ad  hoc 
structure  which  would  initiate  and  direct  action  in  this  field.  He  expressly  asked  the 
French  representative  to  submit  a  proposal  along  these  lines  to  DRG. 
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Le  316me  SAminaire  du  Groupe  des  Recherches  de  Defense  de  l'OTAN  (GRD/OTAN) 
s'est  tenu  4  Paris,  dans  les  locaux  de  l'Ecole  Nationale  Superieure  des 
Techniques  AvancAes  (ENSTA),  du  6  au  8  Mars  1991.  sur  le  thdme  de  la 
Robotique  du  Champ  de  Bataille. 

En  juillet  1985.  s'etait  tenu,  dans  les  mAmes  lieux,  un  exercice  OTAN  sur  le 
m£me  thAme  (Commission  1  du  GRD).  Le  SAminaire  GRD  a  done  permis,  5  ans  aprAs 
cet  exercice,  de  faire  un  bilan  des  travaux  menAs  dans  le  domaine  de  la 
Robotique  du  Champ  de  Bataille  et  de  mesurer  les  progrAs  accomplis  pendant 
cette  pAriode . 

Le  SAminaire  a  regroupA  prAs  de  230  personnes  -  ce  qui  constitue  le  record 
pour  les  sAminaires  du  GRD/OTAN  -  reprAsentant  la  plupart  des  pays  de  l'OTAN 
et  appartenant  tant  aux  Services  Officiels  qu'aux  mondes  universitaire  et 
industriel  de  ces  pays. 

Les  participants  or.t  pu  suivre  plus  de  35  exposes  complAtAs  par  un  certain 
nombre  de  posters.  Ces  interventions  ont  couvert,  tant  les  programmes  menAs 
par  les  diffArents  pays  que  les  recherches  portant  sur  des  aspects  plus 
techniques  voire  scientifiques,  du  domaine  de  la  Robotique  du  Champ  de 
Bataille. 

le  ces  exposes  et  des  discussions  qui  les  ont  accompagnAs,  il  ressort  les 
conclusions  principales  suivantes  : 

La  Robotique  du  Champ  de  Bataille  est  en  train  de  devenir  un  domaine  en  soi 
et  d'acquArir  sa  dynamique  propre.  C'est,  cependant,  un  domaine  qui  reste 
encore  4  structurer  et  A  bomer. 

On  ne  peut  paa  dissocier  complAtement  les  composantes  terrestres  (vAhicules) 
et  aAriennes  ("drones'*)  de  la  Robotique  du  Champ  de  Bataille.  Des  synergies 

sont  A  dAvelopper  entre  les  deux  composantes. 
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-  II  ne  faut  pas  opposer  les  systAmes  "teieopAres"  aux  systAmes  "autonomes” .  II 
y  a,  en  fait,  une  infinite  de  solutions  intermAdiaires  entrs  ces  deux 
extremes . 

-  II  faut,  4  l'avenir,  progresser  dans  la  demonstration  de  la  validity 
opArationnelle  des  concepts  de  la  Robotique  du  Champ  de  Bataille.  Ceci 
suppose  une  implication  des  opArationnels  de  plus  en  plus  grande  et  une 
approche  concrete  et  pragmatique  dans  les  pro jets. 

-  De  nombreux  progres  restent  4  mener  sur  certains  aspects  techniques 
fondamentaux  qui  interviennent  dans  la  Robotique  au  Champ  de  Bataille 
(interface  Homme-Robot,  perception  de  l'environnement,  communication  de 
donnees ,  . . . ) . 

-  II  est  necessaire  de  mieux  identifier  les  objectifs,  a  court,  moyen  et  long 
terme,  de  f agon  4  permettre  aux  differents  acteurs  de  ce  domaine  (Services 
Officiels,  Laboratoires  de  Recherche,  Industriels)  de  b4tir  leurs  propres 
strategies  de  maniere  coherente. 

-  II  est  apparu  que  la  Robotique  de  champ  de  bataille  est  un  domaine  qui  se 
prAte  bien  4  rechercher  la  complAmentaritA  entre  les  actions  menAes  dans  les 
diff6rents  pays  et  qu'une  cooperation  international  multiple  est  souhait6e 
par  beaucoup  de  participants. 

Lors  de  la  seance  de  cl6ture  du  Seminaire,  l’Ing6nieur  General  de  l'Armement  de 
SAINT-GERMAIN,  Directeur  des  Recherches  (DRET)  au  Minis tAre  frangais  de  la 
Defense,  a  pris  note  des  debats  men6s  au  cours  du  S6minaire  et  de  leurs 
principales  conclusions. 

II  s'est  rejoui  des  progres  realises  dans  le  domaine  de  la  Robotique  du  Champ  de 
Bataille,  de  la  dynamique  qui  s'y  fait  jour  et  de  la  volontA  de  cooperation 
existant  entre  les  differents  partenaires  de  l'OTAN. 

Pour  renforcer  cette  cooperation,  il  a  sugg6r6  que  le  GRD  de  l'OTAN  mette  en 
place  une  structure  ad  hoc  qui  initierait  et  piloterait  les  actions  dans  ce 
domaine.  II  a  express Ament  demande  au  reprAsentant  frangais  de  soumettre  une 
proposition  en  ce  sens  au  GRD. 
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BY 

DR  A  J  GRANT,  CHAIRMAN  OP  THE  DEFENCE  RESEARCH  GROUP 


Director,  Ladies  and  Gentlemen. 

As  Chairman  of  the  Defence  Research  Group,  I  am  pleased 
to  have  the  opportunity  to  address  you  at  the  opening  of  this 
Seminar  on  "Robotics  in  the  Air  -  Land  Battlefield".  On 
behalf  of  the  Defence  Research  Group  and  all  of  the 
participants,  I  would  like  to  express  our  sincere  thanks  to 
the  Ecole  Nationale  Superieure  des  Techniques  Avancees  (ENSTA) 
for  hosting  this  Seminar,  to  M.  Brugere  and  his  colleagues  for 
organising  the  programme  and  for  making  the  organisational 
arrangements,  and  to  Professor  Jacques  Lestel  the  French  DRG 
member  for  suggesting  that  this  Seminar  be  held  in  France.  We 
all  know  that  the  organisation  of  such  a  Seminar  involves  a 
considerable  amount  of  effort  and  we  thank  you  very  much. 

The  Defence  Research  Group  or  DRG  is  one  of  five  Main 
Groups  which  reports  to  the  Conference  of  National  Armaments 
Directors,  or  CNAD.  Its  purpose  is  to  provide  a  forum  for 
collaboration  in  Defence  research  between  the  NATO  nations, 
which  will  lead  to  collaborative  procurement  of  equipment. 

The  scope  of  DRG  activities  is  illustrated  by  the  titles 
of  the  ten  main  Panels  and  Special  Groups  of  Experts.  Under 
these  Panels  are  approximately  45  Research  Study  Groups,  or 
RSGs,  which  bring  together  professionals  who  are  experts  in 
particular  technology  areas  for  exchange  of  information  and 
collaborative  studies,  investigations  and  field  trials.  These 
RSGs  are  usually  set  up  to  address  a  specific  problem  and  have 
a  life  of  typically  3  to  4  years.  The  national  participation 
in  the  RSGs  varies  between  4  and  11  nations.  Participation  is 
important  evidence  of  the  value  which  the  NATO  nations  receive 
from  DRG  collaborative  activities.  Overall,  DRG  bodies 
produced  some  23  technical  reports  in  the  past  year  alone. 

But  what  about  the  future?  In  the  past  2  or  3  years  we 
have  witnessed  astonishing  changes  in  which  the  traditional 
threat  to  NATO  appears  to  be  dissolving,  and  NATO  itself  is 
reconsidering  its  fundamental  strategy,  based  on  assumptions 
of  reduced  force  levels  and  decreasing  Defence  budgets.  As 
part  of  this  process  the  DRG  too  is  examining  its  strategy  for 
future  collaborative  research  activities  which  will  provide 
both  a  high  level  of  military  interest,  and  achieve  maximum 
value  for  money  from  national  Defence  budgets. 

DRG  sponsored  Seminars  are  an  important  means  of 
reviewing  promising  areas  for  such  collaboration.  Since  its 
establishment  in  1967  the  DRG  has  held  30  Seminars,  the 
current  one  being  the  31st.  These  have  covered  a  very  broad 
range  of  important  topics  including  recently  the  military  use 
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of  helicopters,  and  the  defence  of  ships  against  missile 
attack.  The  subject  of  our  Seminar  this  week,  Robotics,  is 
one  in  which  advanced  technology  is  utilised  to  provide 
machines  equipped  with  sensors,  mobility  and  a  degree  of 
intelligence  in  unmanned  remotely  operated  vehicles  and 
equipment  which  can  operate  in  areas  which  would  be  too 
dangerous  for  personnel.  The  growing  importance  of  this 
subject  is  reflected  in  the  level  of  attendance  here  this 
week,  and  in  the  need  to  hold  parallel  sessions.  May  I  wish 
all  the  participants  here  a  very  successful  and  productive 
week . 
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OVERVIEW  AND  PROSPECTS 


Maurice  BRESSON 


I .  INTRODUCTION 

The  starting  poire  of  this  round-up  of  ideas  is  the  '985  multinational  NATO 
exercise  which  took  piace  1  r.  Fans  on  this  very  same  spot. 

It  reviews  the  ground  covered  over  the  last  six  years,  which  corresponds  to 
a  medium- term  horizon,  ana  includes  a  few  observations  on  the  present 
situation  with  remarks  a. id  questions  about  the  future. 

II.  BRIEF  REVIEW  OF  THE  1985  EXERCISE  (Plan) 

.  Goal  of  the  exercise. 

.  Context  of  the  exercise  : 

-  attempt  to  define  Military  robots, 

-  operational  environment. 

.  A  few  general,  conclusions. 

Ill  REVIEW  OF  THE  GROUND  COVERED  BETWEEN  1985  AND  1991 

Considerate  work  has  been  done  or  undertaken  both  in  the  USA  and  Europe, 
resulting  in  major  projects  planned  ever  long  periods  and  developed  in 
successive  stages.  This  worn  combines  the  efforts  of  many  participants, 
heads  of  industry,  scientists,  private  and  government  organizations.  For 
example,  we  have  the  Frencn  CARDS  project  with  its  4  logically  planned  and 
sequenced  phases.  Most  of  the  lectures  given  at  this  colloquy  are  precisely 
on  these  major  urojeets. 
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IV.  A  FEW  CHARACTERISTICS  OF  EVOLUTIONARY  FACTORS 

A  distinction  muse  oe  made  between  scientific  and  teenmeai  aspects  on  the 
one  hand  and  the  operational  context  on  the  other,  at  .east  in  the  first 
part  of  this  talk. 

4.1.  Scientific  and  Technical  Aspects 

Comparison  between  the  point  of  view  emerging  today  and  the 

conclusions  of  '985  is  most  enligntening . 

4.1.1.  Arguments  advanced  :n  favor  of  the  ever  growing  introduction 
of  military  robots ,  especially  battlefield  robots, 
accompanied  oy  a  general  description  of  tneir  preferable 
areas  of  use,  appear  today  as  universally  accepted. 

4.  1.2.  There  ls  firm  agreement  to  continue  studies  of  the 
cost. effectiveness  type  in  order  to  determine  the  limits  of 
tne  useful  application  of  more  or  less  automated  systems  by 
Fighting  Forces. 

4.1.3.  Known  projects  have  given  oriority  to  robots  capable  of 

performing  tasks  which  a  priori  appear  as  being  relatively 
simple,  participating  in  the  execution  of  mission  phases 
clearly  limited  in  space  and  time. 

4.1.4.  It  is  still  considered  that  fully  autonomous  robots  capable 
of  performing  complex  missions  will  not  be  feasible  for 
several  yea  s. 
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4.1.5.  In  order  to  clarify  concepts  and  discussions,  distinctions 
are  still  made  between  : 

-  the  automation  of  terrestrial  Fighting  Forces,  the  'subject 
of  the  present  lecture, 

-  Command  Aids  (however  perfect  they  may  be), 

-  brancnes  of  science  dealing  soleiy  with  information 
processing  in  its  widest  sense,  including  Artificial 
Intelligence  and  symbolic  programming.  Maturally,  all  the 
progress  achieved  by  Information  Sciences  at  a  fast  if  not 
accelerated  rate  may  be  beneficial  as  much  for  Command 
Aids  as  for  the  automation  of  Fighting  Forces. 

4.1.6.  On  tne  other  nand,  one  of  the  basic  conclusion  of  the  1985 
exercise,  recommending  that  the  main  research  and 
development  effort  should  be  applied  to  the  information¬ 
processing  capabilities  of  robots  as  weii  as  to  aspects  of 
safety,  somewhat  overshadows  other  fundamental  aspects  such 
as  that  of  mechanics.  Without  questioning  the  sine  qua  non 
importance  of  the  information-intelligence  factor,  the 
mecnanical  action  of  a  battlefield  robot  (which  must  be 
capable  of  modifying  its  own  state  and  that  of  the 
environment)  thus  often  constitutes  an  essential  phase  in 
mission  execution  and  can  even  constitute  its  finality. 

Although  mechanics  is  the  oldest  and  the  ancestor  of 
rational  sciences,  the  solving  of  problems  raised  by  the 
dynamics  of  complex  systems  (structures,  mechanisms)  and  by 
mechatronics  (a  combination  of  mechanics,  optronics  and 
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concrol )  in  the  presence  of  random  aspects  ana 
uncertainties,  is  stiii  today  highly  complicated.  Yet  these 
issues  are  at  the  heart  of  robotics.  The  quest  for  their 
solution  has  reveaied  not  only  practical  difficulties,  which 
could  be  expected,  but  also  theoretical  difficulties,  the 
severity  of  union  nad  not  Deen  suspected  ana  wnich,  most 
happuy,  are  now  tne  subject  of  major  current  research. 

4.1.7.  Another  major-  conclusion  of  the  ’985  report  must  today  be 
tempered,  it  was  considered,  almost  as  evident,  tnat  the 
presence  of  a  Human  Operator  in  the  control  loop 
consideraciy  simplifies  ail  proolems  encountered .  From  this 
premise,  .t  was  deduced  rather  hastily  that  celeoperated 
systems  were  in  principle  mucn  easier  to  produce  and 
implement  than  systems  of  a  more  autonomous  nature.  The 
experience  acquired  over  the  iast  six  years  has,  however, 
revealed  prcoiems  of  ergonomics,  man-machine  interfacing, 
telecommunications,  safety  and  complexity  (for  example,  for 
teieoperat mg  a  group  of  mobile  Hoboes),  the  solving  of 
whicn  has  appeared  fundamentally  difficult. 

Such  that,  in  the  case  of  many  major  projects,  the 

advantages  and  disadvantages  of  teieoper-ated  or  autonomous 
solutions  appear  to  balance. 

Naturaliy,  a  distinction  must  be  made  between  : 

.  research  methods  allowing  the  recognition  of  difficulties 
in  completing  a  project,  for  which  the  advantage  of  a 
Human  Operator  in  the  loop  turns  out  to  be  of  great  value, 
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.  equipment  produced  in  its  final  version  (capable  of  real 
operational  use),  for  which  it  is  necessary  to  choose 
between  teieoperated  or  more  completeiy  automated 
versions . 

In  additicn,  there  is  an  infinite  range  of  variants  between 
a  conventional  solution  based  on  Human  Operators  (without 
Robotics)  and  a  completely  autonomous  solution,  passing 
througr.  more  or  less  sophisticated  degrees  of  teleoperation. 
In  all  cases,  mixed  man-machine  systems  are  essential  before 
and  sometimes  after  (in  the  case  of  repeatable  missions)  the 
action  of  any  "autonomous"  system. 

Summarizing,  there  would  appear  to  be  no  discontinuities, 
breaks  or  revolutionary  cnanges  concerning  scientific  and 
technical  aspects.  Development  has  continued  at  a  more  or 
less  fast  rate  in  accordance  with  methods  which  on  the  whole 
were  foreseeable ,  while  applying  any  necessary  corrections 
or  additions  resuiting  from  experience  acquired,  as 
illustrated  by  tne  two  examples  considered  above. 

On  the  otner  r.and,  this  .s  not  at  a.i  the  case  for  the 
operational  context. 


4.2.  Operational  Environment 

The  '985  exercise  related  essentially  to  major  conflict  in  the 
central  European  theater  between  NATO  forces  and  Warsaw  Pact  forces 
(operations  in  Northern  and  Southern  theaters  merely  being  mentioned) 
on  the  assumption  of  a  conventional  hostilities  likely  to  develop 
more  or  less  quickly  into  total  war. 
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Since  1989,  there  is  a  n  obvious  discontinuity  on  the 
strategic  checkerboard ,  of  which  the  present  Gulf  War  is  one 
of  the  aspects  and  wnose  consequences  are  largely  uncertain, 
even  on  a  medium-term  oasis. 

Will  this  fracture,  producing  changes  which  could  become 
chaotic  in  reiationsmp  with  our  forecasting  systems,  have 
significant  influence  on  the  development  of  Battlefield 
Robotics  ? 

In  the  affirmative,  wu:  tnis  result  .  n  the  accelerated 
introduction  of  Rodctic  Systems  by  Fighting  Forces,  or  on 
the  contrary,  in  a  slowdown  due  for  example  to  Research  and 
Development  credit  cutbacks  ir  an  attitude  of  wait-and-see 
oy  military  authorities  ? 

Are  the  cnoices  made  a  few  years  ago  and  the  pnorit.es 
given  to  certain  orientations  of  a  sufficiently  "all¬ 
purpose"  nature  to  remain  unchanged  in  spite  of  ..pneavai  of 
the  strategic  checkerboard  ? 

We  may  be  tempted  to  transfer  the  responsibility  of  these 
issues  to  the  end  users,  especially  High  Commands,  leaving 
them  the  task  of  defining  requirements,  that  may  be  simply 
renewed,  which  manufacturers  would  then  strive  to  satisfy. 
This  "linear"  procedure  would  obviously  be  unproductive  and 
military  decision-makers  cannot  be  asked  to  commit 
themseives  concerning  the  future  without  having  been  given 
the  means  for  potentially  measuring  the  conditions  and 
consequences  of  their  choices,  especially  in  the  case  of 
"advanced"  systems  for  which  there  are  no  precedents  likely 
to  provide  a  true-life  basis  of  reflection. 
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The  more  fruicful  method  of  approach  is  interactive  or 
"dialectic",  to  use  a  suggestive  term  with  philosophical 
connotations .  A  colloquy,  like  the  one  we  are  attending,  is 
one  of  the  places  propitious  for  collaPorative  work  between 
users  and  potential  manufacturers. 

In  addition,  we  should  emphasize  with  satisfaction  that 
several  lectures  mention  or  are  dedicated  to  this  necessary 
closed-loop  procedure  with  feedback. 


V.  THE  PROBLEM  OF  FUTURE  MILITARY  ROBOTICS 

5.1.  Interest  of  Problem  Studies 

General  issues  on  the  operational  finality  of  future  aeroterrestr la- 
battlefield  robots  lead  to  mere  systematic  interrogation  concerning 
the  future  of  military  robotics  with  the  framework  of  broadened 
studies  to  be  redefined. 

According  to  the  mathematician  Hilbert,  tre  author  of  a  famous 
lecture  on  tre  future  of  math  (the  23  proc.ems  formulated  in  1900)  : 
"As  far  as  the  futures  of  mathematics  is  concerned,  a  good  problem  is 
worth  more  than  a  good  solution  to  a  mediocre  problem". 

To  be  productive,  a  debate  must  not  admit  any  overly  imprecise 
qualitative  approaches.  It  must  be  placed  in  a  prospective  light, 
clearly  invested  with  rigor  and  in  particular  describing  as  precisely 
as  possible  the  circumstances  and  conditions  under  which  Fighting 
Forces  using  robotic  systems  would  be  engaged. 
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5.2.  Application  Areas 

The  themes  of  a  useful  debate  would  be  for  example  : 

Types  of  future  conflicts  and  the  characteristics  of  the 
associated  catt-ef ieids . 


Fundamental  operational  capabilities  to  be  maintained  or  achieved 
ty  tne  Fighting  Forces  engaged. 

inarir.g  of  tas.-cs  a:  a  tr.e  respective  roles  of  Human  Operators  (HOs) 
ubd  Fooot.c  .v, stems. 

Missions  F.ototic  systems,  classification  of  these  missions, 
specific  capabi*  .t.es  of  Robotic  Systems. 

-eve  is  of  tr.e  comp.exity  of  Robots,  depending  on  the  levels  of 
complexity  of  tr.e  missions  envisaged  (this  dependence  not 
r.ecc-ssar  i  .y  being  .»  si.mp.e  relationship,  such  as  of  a  linear 


•ir.al,  a  is  mission  environments,  especially  with  regard  to  : 

liaison  and  telecommunication  security, 

-  operational  dependability,  necessary  security  measures,  such  as 
neutralization  or  self-destruct  possibilities, 

1 og i st i cu  ot  rooot ic  systems  throughout  their  existence 
(before,  during  and  after  possible  missions). 
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Integration  of  Robotic  Systems  within  Fighting  Forces  in  the 
course  of  missions  or  mission  phases  (IFF,  commandaDiiity ,  etc.). 

Classification  of  Military  Robots  : 

functions  (with  regarc.  for  example,  to  major  military 
operat ions ) . 

-  characteristics  of  tne  action  of  robots  (moving  or  stationary, 
degrees  of  independence,  etc.), 

organic  aspects  (general  concepts,  breakdown  into  essential 
constituents,  organic  links,  etc.), 

classification  associated  with  the  finality  of  tasks  to  be 
executed . 

-  definition  of  a  logical  framework  and  a  language  for  in-depth 
tecr.mcai  analysis  of  conceivable  or  desirable  robots  (for 
example,  tne  definition  of  "machines  and  mechanisms"  consti¬ 
tuting  robots,  divided  between  information-processing  machines, 
power  or  working  machines,  transportation  machines,  etc.). 

.  I.agram  of  tne  .r.teracticns  between  scientific,  technical  and 
technologies;  activities  used  by  Robotics  wmeh  is  placed  at  the 
.r.tersectior.  of  these  activities. 

The  ccncepts  and  methods  of  system  analysis  can  be  fruitful  to 
sustain  the  development  of  a  useful  debate. 

Some  of  tr.e  .ectures  at  this  colloquy  effectively  tackle  several  of 
the  themes  i  have  just  mentioned. 


5.3.  Attempt  to  Justify  the  Necessary  Effort 

We  may  question  the  practical  use  of  effort  to  be  deployed  in  order 
to  achieve  a  satisfactory  debate  on  Military  Robotics. 
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There  is  no  theoretical  demonstration  of  its  interest.  In  place  of 
this,  we  must  be  satisfied  with  quoting  nistorical  examples  for  whicn 
the  manner  of  stating  problems  correctly  has  produced  remarkable 
results,  often  considered  as  prophetic  thereafter. 

Any  truly  new  Weapon  System  simultaneously  inspires  interest  and 
skepticism,  enthusiasm,  discussion  and  often  boredom  or  dis¬ 
couragement.  Among  these  currents,  tne  dec  is lon-maxer  generally  has 
much  difficulty  in  identifying  optimum  patns. 

Retrospective  analysis,  however,  snows  that  propnetic  voices  have 
always  made  themselves  heard  to  announce  years  ahead  the  exact 
influence,  often  considerable,  of  either  possible  or  partially 
adopted  innovations  on  the  evolution  of  military  operations  at  the 
tactical  or  strategic  ievei.  Mention  may  oe  made  of  fixed  front  ixr.es 
in  1900  (with  Bloch's  book  m  Russia  or  the  work  of  Colonel  Mayer  in 
France)  because  of  increasing  fire  power,  causing  losses  of  human 
life  unacceptable  after  a  few  weeks,  the  roie  of  air  power  with  the 
book  of  Clement  Acer,  the  future  of  mechanical  warfare  with  the 
creators  of  battletanks,  General  Estienne  in  France,  Colonels  Swinton 
and  fuller  in  Great  Britain. 

Other  examples  may  be  found  whicn  in  eacn  case  show  that  the  exact 
conclusion  of  the  "visionaries"  was  in  reality  the  result  of  highly 
rigorous  rational  analysis  pursued  in  all  its  consequences,  well 
contained  within  a  judicious  debate.  The  development  of  Military 
Robotics  cannot  avoid  contrasted  alternation  between  nope  and 
disparagement.  The  setting  up  of  a  good  discussion  possibly  may  not 
convince  firm  adversaries  of  major  robotic  effort,  but  will  certainly 
contribute  in  confirming  the  choices  of  clear-sighted  decision 
makers . 
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VI.  ROBOTICS  AS  A  SCIENCE  ? 


As  necessary  as  a  discussion  may  be,  this  approach  is  only  one  stage  of  the 
conceptual  process  preceding  production  effort. 

How  can  we  go  further  and  effectively  measure  well  before  experimental 

phases  the  influence  and  expected  improvements  of  the  operational  efficiency 
of  Weapon  Systems  or  Fighting  Forces  which  are  subject  to  increasingly 
sophisticated  robotics 

There  are  numerous  conceptual  tools  :  evaluation  criteria,  modeling  tools. 

The  wealthly  range  of  availaDle  models  is  sufficient  for  studying  technical 
aspects  as  well  as  considering  the  operational  capaDilities  of  Battlefield 
Robots.  It  is  therefore  possible  to  envisage  numerous  families  of  Robots 
which  would  not  necessarily  be  produced.  It  is  merely  necessary  to  define 

plausible  performance  characteristics  for  a  given  horizon  within  the 

framework  of  a  set  of  conerent  assumptions.  This  prospective  aoprcach 

combines  both  realism  and  imaginative  effort.  For  example,  it  allows  the 
exploration  of  "revolutionary"  lines  likely  to  transform  modes  of 
application  and  operational  concepts  at  nigh  levels  of  military 

organizations  while  the  more  natural  "direct"  line  consists  essentially  in 
replacing  existing  systems  by  systems  of  higher  performance  due 

robotization  without  fundamentally  altering  missions  and  application 

concepts. 

Any  type  of  modeling,  especially  if  it  takes  into  account  audacious 

solutions,  naturally  cannot  avoid  a  fundamental  difficulty  which  is  that  of 
time.  When  will  systems  already  envisaged  and  described,  especially  those 
based  on  advanced  technology,  be  capable  of  producing  decisive  improvements, 
going  as  far  as  modifying  the  characteristics  of  future  battlefields  which 
depend  themselves  on  unknown  politico-strategic  changes  ? 
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The  solution  of  these  difficult  issues,  whicn  must  not  be  ceiiberately 
hidden  under  a  bushel,  and  without  underestimating  the  solution  of  very 
numerous  problems  now  current,  requires  an  approach  of  a  rigorously 
scientific  nature.  We  are  therefore  required  to  ask  ourselves  a  question 
which  in  turn  depends  on  a  methodological  discussion  :  will  Robotics, 
especially  Military  Robotics,  remain  what  it  appears  to  be  today,  a 
pragmatic  semi-empiricai  set  of  various  actions  (scientific,  technological, 
operational)  or  wil*  it  be  elevated  to  the  ran*  of  a  scientific  discipline 
enjoying  true  independence  which  would  ensure  :  ts  unity  and  increase  its 
power  of  investigation  ? 

The  elevation  of  Robotics  to  the  rank  of  an  independent  discipline  requires 
the  definition  of  the  following  elements  which  are  indeed  just  the  basis  of 
its  scientific  cnaracter  : 

methods, 

general  concepts, 
application  areas, 
devices, 

questions  (in  connection  with  other  scientific  disciplines), 
results  (acquired  knowledge  and  open  problems), 

.  schools  of  thougr.t. 

Far  from  being  a  kind  of  formal  strait- jacket .  elevation  to  the  rank  of  a 
scientific  discipline  would  clarify  many  aspects  and  directly  guide  action 
with  a  view  to  answering  questions  of  practical  interest,  such  as  : 

What  are  the  fundamental  issues  in  technical  and  operational  sectors  ? 
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What  work  orientations  are  to  be  adopted  for  future  tasks  ? 

What  issues  should  have  priority  ? 

What  are  the  families  of  answers  already  obtained,  those  which  are 
desired  and  plausible  for  various  given  horizons  ? 


Without  referring  explicitly  to  a  science  of  Robotics,  several  lectures  at 
this  colloquy  illustrate  a  very  real  need  to  base  action  on  an  "all-purpose 
reference  system",  tnat  is  a  reference  system  recognized  by  all  and  usable 
by  all  for  solving  a  vast  range  of  problems. 

These  lectures,  ail  of  which  are  the  outcome  of  practical  experience,  are 
concerned  more  particularly  with  the  following  points  : 

Difficulty  of  general  and  quantifiable  evaluation  of  Robot  performance. 
Implementation  of  "ail-purpose"  testbeds. 

.  Definition  of  broadly  usable  sets  of  criteria. 

Difficulty  of  scientifically  executed  induction  for  taking  into  account 
new  forms  of  conflict. 

How  to  stimulate  imagination  and  creativity  in  a  prospective  framework  ? 
General  solving  of  classes  of  crucial  problems  such  as  Human  Operator/ 

Robot  : uteract ion . 

Development  of  a  typology  for  the  "major  subprobiems"  of  large  current 
projects . 

Use  and  possible  advantages  drawn  from  System  Analyses,  especially  when 
it  is  a  question  of  mastering  the  collective  action  of  Robots. 

Systematic  consideration  not  only  of  random  elements  but  also  of  an 
uncertain  universe  which  intervenes  at  all  phases  of  development  and  use. 
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The  examples  collected  in  the  lectures,  ail  initially  oT  pragmatic 
inspiration,  snow  that  tne  creation  of  a  true  science  of  Robotics  applied  to 
the  military  sector  is  not  of  an  artificial  or  arbitrary  nature. 

The  speed  of  its  estaoi  ishmer.t  and  the  fruitfulness  of  its  use  depend 
Largely  on  tne  degree  of  conviction  concerning  its  interest  to  users  and 
manufacturers  engaged  .n  trie  same  undertaking  in  wtiicn  tr.e  adventure  of  the 
imagination  and  c* early  understood  interest  are  closely  integrated. 
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TOUR  D'HORIZON  ET  PERSPECTIVES 


(Overview  and  prospects) 
Maurice  BRESSON 


I.  PRESENTATION 

Ce  tour  d' horizon  prend  comme  point  de  repere  l'exercice  OTAN  multinational 
de  1985  ayant  eu  lieu  a  Paris,  ici-meme. 

II  survole  le  chemin  parcouru  depuis  6  ans,  ce  qui  correspond  a  un  horizon 
a  moyen  terme,  assorti  de  quelques  observations  sur  l’etat  actuel  avec  des 
remarques  et  interrogations  sur  le  futur. 

II.  BREF  RAPPEL  DE  L'EXERCICE  1985  (Plan) 

.  Objectif  de  l’exercice. 

.  Contexte  de  l'exercice 

-  essai  de  definition  des  Robots  Militaires, 

-  environnement  operationnel . 

.  Quelques  concJ usions  generales. 

Ill  SURVOL  DU  CHEMIN  PARCOURU  DE  1985  A  1991 

Des  travaux  importants  ont  ete  poursuivis  ou  entrepris  aussi  bien  aux  USA 
qu’en  Europe,  s’exprimant  par  de  grands  pro jets  planifies  sur  une  longue 
p^riode  et  se  d^veloppant  par  Stapes.  Ils  int^grent  les  efforts  de  nombreux 
participants,  industriels,  scientifiques,  organismes  prives  ou  etatiques.  A 
titre  d'exemple,  le  projet  Frangais  DARDS  avec  ses  4  phases  planifiees 
s'enchainant  logiquement.  La  plupart  des  exposes  presentes  a  ce  colloque 
concement  precisement  ces  grands  pro  jets. 
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IV.  QUELQUES  CARACTER I ST I QUES  DES  FACTEURS  D' EVOLUTION 

On  distinguera  les  aspects  scientifiques  et  techniques  d’une  part  et  le 
contexte  operationnel  d' autre  part,  du  moins  dans  la  premiere  phase  de 
1' expose. 


Aspects  scientifiques  et  techniques 


La  comparaison  du  point  de  vue  qui  se  degage  aujourd’hui  avec  les 
conclusions  de  1985  est  eclairante. 


4.1.1.  Les  arguments  avances  en  faveur  de  1 ' introduction  de  plus 
en  plus  poussee  des  robots  militaires,  en  particulier  de 
ceux  du  champ  de  bataille,  accompagnes  d'une  description  de 
principe  de  leurs  domaines  preferentiels  d' utilisation, 
paraissent  aujourd'hui  communement  admis. 


4.1.2.  II  y  a  un  accord  persistant  pour  la  roursuite  d' etudes  du 
type  cout/benefice  en  vue  de  preciser  les  limites 
d'interets  des  domaines  d'emploi  des  systemes  plus  ou  moins 
robe  Uses  au  sein  des  Systemes  de  Forces. 


4.1.3.  Les  pro  jets  connus  se  sont  attaques  en  priori  te  a  des 
robots  capables  d’effectuer  des  t&ches  apparaissant  a 

priori  comme  relativement  simples,  participant  a 

1' execution  de  phases  de  mission  bien  d61imitees  dans 
l'espace  et  le  temps. 


4.1.4.  On  admet  encore  que  des  robots  pleinement  autonomes 
capables  d'accomplir  des  missions  complexes  ne  seront  pas 
faisables  avant  plusieurs  annees. 
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4.1.5.  Afin  de  clarifier  les  concepts  et  discussions  on  distingue 
toujours  : 

-  la  robotisation  des  Systemes  de  Forces  terrestres,  objet 
du  present  colloque, 

-  les  aides  au  Commandement  (si  perfectionn6es  soient- 
elles) , 

-  les  branches  de  la  science  concernant  uniquement  le 

traitement  de  1' information  au  sens  le  plus  large,  y 
compris  1 ' Intelligence  Artificielle  et  les 

programmations  symbol i ques .  Bien  entendu,  tous  les 
progres  realises  par  les  Sciences  de  1 ' Information 
suivant  un  rythme  rapide,  sinon  accelere,  peuvent  etre 
benefiques,  aussi  bien  pour  les  aides  au  Commandement  que 
pour  la  robotisation  des  Systemes  de  Forces. 

4.1.6.  En  revanche,  une  des  conclusions  fondamentales  de 
l'exercice  1985,  recommandant  que  1’ effort  principal  de 
recherche  et  d6veloppement  soit  applique  aux  capacites 
informationnelles  des  Robots  ainsi  qu'aux  aspects  securite. 
occultait  quelque  peu  d'autres  aspects  fondamentaux  comme 
celui  de  la  mecanique.  Sans  remettre  en  cause  1 ' importance 
sine  qua  non  du  facteur  information-intelligence,  les 
actions  mecaniques  d'un  Robot  du  Champ  de  Bataille  (qui 
doit  etre  capable  de  modifier  son  etat  et  celui  de 
1 ’environnement) ,  constituent  done  souvent  une  phase 
essentielle  de  1' execution  de  sa  mission  et  peuvent  m£me  en 
etre  sa  finality. 

Bien  que  la  mecanique  soit  la  plus  ancienne  et  la  mere  des 
sciences  rationnelles ,  la  resolution  des  problfemes  souleves 
par  la  dynamique  des  systemes  complexes  (structures, 
mecanismes),  par  la  mecatronique  (integration  de  la 
mecanique,  de  l'optronique  et  de  la  commande)  en  presence 
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d'aleas  et  d' incertains ,  reste  aujourd'hui  tres  compliquee. 
Or,  ces  problemes  sont  au  coeur  de  la  robotique.  La 
recherche  de  leur  resolution  a  mis  en  lumiere,  non 
seulement  les  difficultes  pratiques  auxquelles  on  pouvait 
s'attendre,  mais  encore  des  difficultes  theoriques  dont  on 
ne  soupgonnait  pas  la  profondeur  et  qui  font,  fort 
heureusement,  l'objet  d' importantes  recherches  en  cours. 

4.1.7.  Une  autre  conclusion  importante  du  rapport  de  1935  doit 
etre  aujourd'hui  nuancee.  On  avait  admis,  presque  comme  une 
evidence,  que  la  presence  d'un  Opera teur  Humain  dans  la 
"boucle"  (de  commande)  simplifiait  considerablement  tous 
les  problemes  rencontres.  On  pouvait  deduire  un  peu 
hfitivement  de  ces  premisses,  que  les  systemes  teleoperes 
etaient  en  principe  beaucoup  plus  faciles  a  realiser  et  a 
mettre  en  oeuvre  que  les  systemes  plus  autonomes.  Or, 
1' experience  acquise  au  cours  des  6  annees  ecoulees  a  mis 
en  evidence  des  problemes  d'ergonomie,  d' interface  hommes- 
machines,  de  telecommunications,  de  s6curit6,  de  complexite 
(par  exemple  pour  t61eop6rer  un  groupe  de  Robots  mobiles), 
dont  la  resolution  est  apparue  foncierement  ardue. 

De  sorte  que,  dans  maints  pro jets  importants,  les  avantages 
et  les  inconv6nients  des  solutions  t616op§r6es  ou  autonomes 
paraissent  s ' fequilibrer. 

Bien  entendu,  il  convient  de  distinguer  entre  : 

.  Processus  de  recherche  permettant  de  reconnaitre  les 
difficultes  de  realisation  d'un  projet,  pour  lequel 
l’interet  d'un  Opera teur  Humain  dans  la  boucle  peut  se 
reveler  extremement  pay ante . 
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.  Materiel  realise  dans  sa  version  definitive  (capable 
d'emploi  operationnel  reel),  pour  lequel  il  y  a  lieu  de 
choisir  entre  les  versions  t61eoper6es  ou  plus 
completement  robotisees. 

En  outre,  il  existe  une  infinite  de  nuances  entre  une 
solution  traditionnelle  a  base  d’operateurs  Humains  (sans 
Robotisation)  et  une  solution  completement  autonome,  en 

passant  precisement  par  des  degres  de  plus  en  plus  pousses 
de  robotisation.  Dans  tous  les  cas,  des  systemes  mixtes 
Hommes-Machines ,  sont  indispensables  en  amont,  parfois  en 
aval  (pour  des  missions  renouvelables ) ,  de  l'action  de  tout 
systeme  "autonome". 

4.1.8.  En  resume,  pour  ce  qui  concerne  les  aspects  scientifiques 
et  techniques,  il  ne  parait  pas  y  avoir  de  discontinuite. 
de  rupture  ou  de  revolution.  Le  developpement  s'est 

poursuivi  suivant  des  modalites  previsibles  dans  leur 

ensemble,  suivant  un  rythme  plus  ou  mo ins  rapide,  en 

apportant  cependant  des  corrections  ou  des  complements 

necessaires,  fruits  de  i'experience  acquise,  comme  on  l’a 
montre  avec  les  2  exemples  des  paragraphes  precedents. 

En  revanche,  il  en  va  tout  dif fferemment  pour  le  contexte 
operationnel. 

4.2.  Environnement  opdrationnel 

L'exercice  de  1985  se  situait  essentiellement  dans  le  cadre  d'un 

conflit  majeur  sur  le  theatre  Centre  Europe  entre  les  forces  de 

l’OTAN  et  celles  du  Pacte  de  Varsovie  (les  operations  sur  les 

theatres  Nord  et  Sud  etaient  seulement  dvoquees) ,  dans  l'hypothese 
d'un  affrontement  classique  susceptible  de  se  transformer  plus  ou 

moins  rapidement  en  conflit  total. 
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Depuis  1989.  il  existe  une  evidente  discontinuite  sur  l’echiquier 
strategique,  dont  l'actuelle  guerre  du  Golfe  est  un  des  aspects  et 
dont  les  consequences  sont  largement  incertaines,  meme  a  mover, 
terme . 

Cette  rupture,  generatrice  d'une  evolution  susceptible  de  devenir 
chactique  au  regard  de  nos  systemes  de  prevision,  peut-elle  avoir 
une  influence  significative  sur  l'evolution  de  la  Robotique  du  Champ 
de  Bataille  ? 

Dans  1 '  affirmative,  s'agit-il  d'une  acceleration  sur  It:  ryti.me 
d ' introduction  des  Systemes  Robotises  au  sein  des  Systemes  do 
Forces,  ou  au  contraire  d'un  ralentissement  resultant  par  exempie 
d'un  coup  de  frein  sur  les  credits  d’ Etudes  et  Recherches  ou  d’une 
attitude  d'expectative  de  la  part  des  autorites  militaires  ? 

Les  choix  effectues  il  y  a  quelques  annees  et  les  priori tes 
accordees  a  certains  axes  d’efforts  sont-ils  assez  "universels”  pour 
rester  invariants  xalgre  les  bouleversements  de  l'echiquier 
strategique  ? 

On  pourrait  etre  tente  de  reporter  le  poids  de  ces  interrogations 
sur  les  seuls  utilisateurs ,  en  particulier  sur  les  Etats-Majors ,  en 
leur  laissant  le  soin  d’ exprimer  des  besoins,  eventuellement 
renouveles.  que  les  realisateurs  s'efforceraient  alors  de 
satisfaire.  Cette  procedure  "lineaire"  est  evidemment  peu  feconde, 
et  l’on  ne  peut  demander  aux  decideurs  militaires  de  s' engager  sur 
l'avenir,  sans  leur  donner  les  moyens  de  mesurer  de  fagon 
potentielle,  les  conditions  et  les  consequences  de  leurs  choix, 
surtout  s'il  s’agit  de  systemes  "avances"  pour  lesquels  il  n'existe 
pas  de  precedents  susceptibles  de  foumir  une  base  de  reflexion  en 
vraie  grandeur. 
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La  methode  d'approche  feconde  est  interactive  ou  "dialectique"  si 
l'on  utilise  une  expression  suggestive  a  connotation  philosophique. 
Un  colloque  comme  celui  auquel  nous  participons  est  un  de  ces  lieux 
favorables  pour  un  travail  commun  entre  utilisateurs  et  realisateurs 
potentiels . 

II  convient  d'ailleurs  de  souligner  avec  satisfaction  que  plusieurs 
exposes  font  etat  ou  sont  consacres  a  cette  necessaire  demarche 
"bouclee  avec  retroaction”. 


V.  PROBLEMATIQUE  DE  LA  ROBOT I QUE  MILITAIRE  POUR  LES  ANNEES  A  VENIR 

5.1.  Interet  d'une  problematique 

Les  questions  generales  posees  a  propos  des  finalites 
operationnelles  des  robots  des  champs  de  bataille  aeroterrestres 
futurs,  amenent  a  s'interroger  de  faqon  plus  systematique  sur 
l’avenir  de  la  robotique  militaire.  dans  le  cadre  d'une 
problematique  elargie,  A  redefinir. 

D’aprAs  le  math6maticien  Hilbert,  lui-mAme  auteur  d'une  c61Abre 
problematique  des  mathematiques  (les  fameux  23  probldmes  fonnules  en 
1900 ) ,  "Un  important  probleme  bien  pos6  est  beaucoup  plus  f^cond 
qu’un  mediocre  probleme  complAtement  rdsoiu". 

Pour  Stre  enrichissante ,  une  problematique  ne  saurait  cependant  se 
contenter  d'une  approche  qualitative  trop  imprecise.  Elle  devrait  se 
situer  dans  une  vision  prospective,  empreinte  de  rigueur,  decrivant 
en  particulier  avec  un  maximum  de  precision,  les  circonstances  et 
les  conditions  dans  lequelles  se  trouveraient  engages  des  SystAmes 
de  Forces  comprenant  des  systbmes  robotisds 
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5 .  2 .  Domaines  d ' application 

Les  themes  d'une  problematique  sont  par  exemple  : 

.  Types  de  conflits  futurs  et  physionomie  des  champs  de  bataille 
associes . 

Capacites  operationnelles  fondamentales  a  preserver  ou  a 
atteindre  par  les  Systemes  de  Forces  engages. 

Partage  des  taches  et  roles  respectifs  des  Operateurs  Humains 
(O.H.)  et  des  Systemes  Robotises. 

.  Missions  des  Systemes  Robotises,  classification  de  ces  missions, 
capacites  specifiques  des  Systemes  Robotises. 

Niveaux  de  complexite  des  Robots,  en  fonction  des  niveaux  de 
complexite  des  missions  envisagees  (ces  fonctions  ne  sont  pas 

necessairement  des  relations  simples,  par  exemple  de  type 
lineai^o ) , 

.  Analyse  de  1 ' environnement  des  missions,  en  particulier  pour  ce 
qui  conceme  : 

la  securite  des  liaisons  et  telecommunications, 
la  sQrete  de  fonctionnement,  les  mesures  de  securite 
n6cessaires,  telles  que  dispositions  de  neutralisation  ou 
d ' auto-destruction , 

la  logistique  des  systemes  robotises,  tout  au  long  de  leur 
existence  (avant,  pendant,  apres  les  missions  possibles). 
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Integration  des  SystEmes  RobotisEs,  au  sein  des  SystEmes  de 
Forces  au  cours  des  missions  ou  phases  de  missions  (I.F.F., 
commandabilitE,  etc 

.  Classification  des  Robots  a  usage  Militaire  : 

aspects  fonctionnels  (par  exemple  dans  le  cadre  des  grandes 
fonctions  militaires), 

caracteristiques  de  1’ action  des  robots  (mobiles  ou 
immobiles,  degres  d'autonomie,  etc  ...). 

aspects  organiques  (conceptions  generales,  decomposition  en 
constituents  essentiels,  liaisons  organiques,  etc  ...), 
classification  associee  a  la  finalite  des  tSches  a  effectuer, 
definition  d'un  cadre  logique  et  d'un  langage  pour  une 
analyse  technique  approfondie  des  robots  concevables  ou 
souhaitables  (par  exemple  definition  des  "machines  et 
mecanismes"  constituent  les  robots,  classes  en  machines 
informationnelles,  machines  energetiques,  ou  de  travail,  ou 
de  transport,  etc...). 

.  Organigramme  des  interactions  des  activitEs  scientifiques, 

techniques,  technologiques,  mises  &  profit  par  la  Robotique  qui 
se  situe  E  leur  carrefour. 

Les  concepts  et  mEthodes  de  I ' analyse  de  systemes  peuvent  etre 
fEconds  pour  soutenir  1 ' Elaboration  d'une  problEmatique  utile. 

Quelques  exposes  du  Colloque  abordent  effectivement  plusieurs  des 
thEmes  qui  viennent  d’fitre  EnumEres. 

Essai  de  justification  de  1' effort  nEcessaire 

On  peut  s’intErroger  sur  l'utilite  pratique  de  1' effort  que  l’on 
devra  dEployer  pour  aboutir  a  une  bonne  problEmatique  de  la 
Robotique  Militaire. 
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II  n'existe  pas  de  demonstration  theorique  de  son  interet.  A  defaut 
on  se  contente  de  citer  des  exemples  historiques  dans  lesquels  la 
maniere  de  poser  les  bons  problemes  a  donne  des  resultats 
remarquables,  baptises  apres  coup  de  prophetiques. 

Tout  systeme  d'Arme  veritablement  nouveau,  suscite  a  la  fois, 
interet  et  scepticisme,  enthousiasme ,  polemique  et  souvent  lassitude 
ou  decouragement .  Dans  ces  remous,  le  decideur  a  generalement 
beaucoup  de  peine  a  discerner  les  meilleurs  chemir.s . 

Cependant,  une  analyse  retrospective  montre  que  des  voix 
"prophetiques"  se  sor.i  toujours  elevees,  pour  annoncer  des  annees  a 
l’avance,  l'inf1  •  _e  exacte  souvent  considerable,  des  novations 
possibles  ou  p-  .iellement  adoptees  sur  l’evolution  des  operations 
au  niveau  tactique  ou  strategique.  Citons,  vers  1900 
1 ' immofc  liisation  des  fronts  (avec  l'ouvrage  de  Bloch  en  Russie,  ou 
les  travaux  du  Colonel  Mayer  en  France)  comme  consequence  de 
1 ' accroissement  de  la  puissance  de  feu  entrainant  des  pertes 
humaines  devenant  insoutenables  au  bout  de  quelques  semaines,  le 
role  de  la  puissance  aerienne  avec  l'ouvrage  de  Clement  Ader, 
l’avenir  de  la  guerre  mecanique  avec  les  createurs  des  chars,  le 
General  Estienne  en  France,  les  Colonels  Swinton  et  Fuller  en 
Grande-Bretagne . 

On  peut  multiplier  les  exemples  en  montrant  dans  chaque  cas  que  les 
conclusions  exactes  des  "vionnaires"  etaient  en  reality  le  fruit 
d’une  analyse  rationnelle  tr6s  rigoureuse  poursuivie  dans  toutes  ses 
consequences,  bien  cadr6e  dans  une  problfematique  judicieuse.  Le 
developpement  de  la  Robotique  Militaire  n'echappera  pas  aux 
alternances  contras  tees  d'espoirs  et  de  d£nigrements .  L' elaboration 
d’une  bonne  problematique,  ne  reussira  peut-etre  pas  A  convaincre 
les  adversaires  decides  d’un  effort  important  de  robotisation,  mais 
elle  contribuera  certainement  A  conforter  les  choix  des  ddcideurs 
clairvoyants . 
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VI.  LA  ROBOTIQUE  COMME  SCIENCE  ? 


Si  necessaire  que  soit  une  problematique,  cette  approche  n'est  qu’une  Atape 
du  processus  conceptuel,  en  amont  des  efforts  de  realisation. 

Comment  aller  plus  loin  et  mesurer  effectivement,  bien  avant  les  phases 
experimentales ,  1' influence  et  les  gains  escomptAs  d'efficacite 
operationnelle  de  Systemes  d'Armes  ou  de  Systemes  de  Forces  faisant  l'objet 
d'une  robotisation  de  plus  en  plus  poussee  ? 

De  nombreux  outils  conceptuels  existent  :  cri teres  d' evaluation,  outils  de 
modelisation . 

La  richesse  de  1' arsenal  des  modeiee  disponibles  est  suffisante  pour 
etudier  aussi  bien  les  aspects  techniques  que  pour  aborder  les  capacites 
operationnelles  de  Robots  du  Champ  de  Bataille.  On  peut  alors  envisager  de 
nombreuses  families  de  Robots,  qui  ne  seront  pas  necessairement  realisees. 
II  suffit  de  fixer  des  performances  plausibles  pour  un  horizon  fixe,  dans 
le  cadre  dun  corps  d' hypotheses  cohArentes.  Cette  demarche  prospective 
permet  d’integrer  le  realisme  et  1 'effort  d' imagination.  Elle  permet  par 
exempLe  d’explorer  des  voies  "revolutionnaires"  susceptibles  de  transformer 
les  modes  d’emploi  et  les  concepts  opArationnels  A  des  niveaux  AlevAs  de 
1 ’ organisation  militaire,  alors  que  la  voie  "directe",  la  plus  naturelle, 
consiste  surtout  A  substituer  A  des  systAmes  existants,  des  systAmes  plus 
performonts  grAce  A  la  robotisation,  sans  changer  foncierement  les  missions 
et  les  concepts  d'emploi. 

Bien  entendu,  toute  modAlisation ,  surtout  si  elle  prend  en  compte  des 
solutions  audacieuses,  ne  peut  eviter  une  difficulte  fondamentale  qui  est 
l'Achelle  du  temps.  Quand  les  systAmes  envisagAs  et  dAcrits,  surtout  s'ils 
relevent  de  technologies  avancAes,  seront-ils  capables  d'entrainer  des 
gains  decisifs  allant  jusqu’A  modifier  la  physionomie  des  champs  de 
bataille  futurs,  dApendant  eux-memes  d'une  Avolution  politico-stratAgique 
incertaine  ? 
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La  resolution  de  ces  probl&nes  difficiles  que  l'on  ne  saurait  deliberement 
laisser  dans  1’ ombre,  sans  sous-estimer  la  resolution  des  innombrables 
problemes  qui  se  posent  dans  l’immediat,  reclame  une  demarche  toute 
empreinte  de  rigueur  scientifique .  On  est  alors  amene  a  se  poser  une 
question,  relevant  a  son  tour  d’une  problematique  d'ordre  methodologique  : 
Est-ce  que  la  Robotique,  en  particulier  la  Robotique  Militaire,  restera  ce 
qu'elle  parait  etre  aujourd'hui,  un  ensemble  pragmatique,  semi -empirique . 
de  demarches  variees  (scientifiques,  technologiques ,  operationnelles )  cu 
bien  accedera-t-elle  au  rang  de  discipline  scientifique,  jouissant  d'u ne 
veritable  autonomie  qui  lui  donnerait  son  unite  et  accroitrait  sa  puissance 
d' investigation  ? 

L’ accession  de  la  Robotique  au  rang  de  discipline  autonome,  implique  la 
definition  des  elements  suivants  qui  fondent  precisement  son  caractere 
scientifique  : 

.  les  methodes, 

.  les  concepts  generaux, 

.  les  domaines  d’ application, 

.  les  objets, 

.  les  questions  (en  connexion  avec  les  autres  disciplines 
scientifiques) , 

.  les  bilans  (acquis  et  problemes  ouverts) , 

.  les  6coles  de  pensee. 

Loin  d'etre  une  sorte  de  carcan  formel,  1' accession  au  rang  de  discipline 
scientifique  permettrait  de  clnrifier  bien  des  aspects  et  de  guider  tres 
directement  des  dfemarches  en  vue  de  repondre  a  des  questions  d'intdret 
pratique,  telles  que  : 

.  Quelle  sont  les  questions  fondamentales  dans  les  domaines 
techniques  et  operationnels  ? 
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.  Quels  sont  les  axes  d' efforts  4  retenir  pour  les  t4ches 

futures  ? 

.  Quelles  sont  les  priority  ? 

.  Quelles  sont  les  families  de  reponses  deja  acquises,  celles 
qu.  sont  souhaitfees  et  plausibles  pour  diff6rents  horizons 
definis  ? 


Plusieurs  exposes  du  colloque,  sans  faire  explicitement  appel  a  une  science 
Robotique,  temoignent  du  besoin  tres  reel  de  fonder  leur  demarche  sur  "un 
systeme  de  reference  universel",  c'est-a-dire  reconnu  par  tous  et 
utilisable  par  tous  pour  la  resolution  d’une  vaste  famiile  de  problemes. 

Ces  exposes,  qui  resultent  tous  d’une  experience  pratique,  concernent 
notamment  les  points  suivants  : 

.  Difficulty  d'une  evaluation  generale  et  quantifiable  des  performances  des 
Robots. 

.  Mise  sur  pied  de  bancs  de  tests  "universels" . 

.  Definition  de  batteries  de  critere  d'un  large  usage. 

.  Difficulty  d'une  induction  scientifiquement  conduite  pour  la  prise  en 
compte  de  nouvelles  formes  de  conflit. 

.  Comment  stimuler  1 ' imagination  et  la  creativity  dans  un  cadre 
prospectif  ? 

.  Resolution  gynyrale  de  classes  de  problemes  cruciaux  comme  les 
interactions  Opyrateurs-Humains/Robots . 

.  Elaboration  d'une  typologie  des  "sous  problymes  majeurs"  des  grands 
projets  en  cours. 

.  Recours  et  benefices  possibles  tires  de  1' Analyse  de  Systemes,  en 
particulier  lorsqu'il  s'agit  de  maitriser  les  actions  collectives  des 
Robots . 

.  Prise  en  compte  systematique,  non  seulement  d' elements  al6atoires,  mais 
encore  d'un  univers  incertain,  qui  intervient  dans  toutes  les  phases  de 
developpement  et  d’emploi. 
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Les  exemples  recueillis  dans  les  exposes,  tous  d ' inspiration  initialement 
pragmatique ,  montrent  que  la  creation  d'une  veritable  science  de  la 
Robotique,  appliquee  au  domaine  militaire  ne  releve  pas  d'une  demarche 
artificielle  ou  arbitraire. 

La  rapidite  d ' elaboration  d'une  science  de  la  robotique.  sa  fecondite 
d’emploi,  dependent  largement  du  degre  de  conviction  concernant  son 
interet,  de  la  part  des  utiiisateurs  et  des  realisateurs ,  embarques  dans 
une  meme  entreprise  oil  s'integrer.t  etroitement  1'aventure  de  1' esprit  et 
1' interet  bien  compris. 
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PRESENTATION  BY  COLONEL  MARESCAUX 
(French  Army  General  Staff) 


I  have  been  asked  to  give  the  operational  point  of  view  and  I  am  very 
happy  to  do  so  since  my  department  within  the  Army  General  Staff  has  the  job  of 
defining  operational  requirements  and  corresponding  system  concepts. 

It  was  in  1984  that  the  French  Army,  which  I  represent,  began 
considering  robotics  on  the  battlefield. 

We  believed  it  necessary  to  begin  thinking  along  these  lines  because 
the  requirements  are  not  easy  to  analyse  and  venturing  straight  into  exploratory 
developments  could  be  very  risky. 

Before  going  any  further,  I  would  like  to  limit  the  scope  of  my 
presentation  to  ground  mobile  robotics  only. 

I  will  therefore  exclude  aerial  robotics  and  tele-operation. 

Aeriai  robotics  we  know  proved  itself  during  the  Peace  in  Galilee 
operation,  we  are  familiar  with  the  relative  ease  of  operation  that  is  possible  in  the 
uncomplicated  surroundings  in  which  the  airborne  vehicle  moves  and  the  countries 
represented  here  are  masters  of  payload  technology  whether  for  reconnaissance, 
electronic  warfare  or  destruction. 

I  have  also  eliminated  from  my  considerations  the  tele-operation  of 
current  vehicles  because  they  are  already  part  of  our  arsenal  even  though  they  are 
still  not  perfect.  This  mainly  includes  the  tele-operated  mine-clearing  machines 
which  were  used  in  the  Gulf. 

I  wouid  like  to  emphasise  one  thing  : 

Any  study  of  operational  requirements  -  as  has  been  clear  from  the 
beginning  of  this  seminar  -  inevitably  highlights  the  fact  that  the  army  would  like  to 
see  the  robot  do  the  dangerous  and  tedious  jobs.  This  seems  so  obvious  as  to  appear 
trite;  however,  this  hides  the  major  problem  we  are  having  in  truly  appreciating  the 
potential  offered  by  robotics  at  operational  level.  The  difficulty  we  are  having  in 
projecting  ourselves  into  the  future  is  far  less  a  failure  than  a  sign  of  the  wealth  of 
operational  and  technical  options  that  are  beginning  to  emerge. 
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So,  instead  of  discussing  robotic  concepts  which  have  been 
comprehensively  covered  over  the  past  few  days,  I  prefer  to  open  my  presentation  on 
military  requirements  by  examining  robotics  with  specific  regard  to  credibility, 
probable  tactical  benefits,  and  implementation  in  the  forces. 

1.  CREDIBILITY 


The  credibility  of  Battlefield  Robotics  is  based,  in  my  opinion,  on  three 
major  factors:  how  well  robotics  is  integrated  into  the  forces,  how  effective  it  is. 
and  certain  aspects  of  survivability. 

11.  Integration  into  the  forces 

This  point  is  crucial;  as  was  stated  here  yesterday,  the  robot  must  be 
accepted  by  soldiers  as  an  intelligent  tool  capable  of  deployment  not  only 
on  the  fringes  of  engagements  or  in  enemy  territory  but  also  in  friendly 
territory  whether  tele-operated  (first  generation)  or  semi-autonomous 
(second  generation). 

Imagine,  if  you  will,  an  anti-tank  robot  capable  of  detecting  and 
destroying  a  tank:  few  armoured  crews  would  want  to  see  such  a  machine 
moving  around  in  their  combat  unit.  This  assumes  therefore  that  armed 
or  unarmed  robots  with  a  certain  number  of  reflex  actions  in  their 
reconnaissance  or  firing  functions  are  capable  of  identifying  their  target 
with  certainty;  this  poses  the  problem,  which  has  not  been  resolved  but 
which  you  are  currently  considering,  of  a  system  of  ground  identification 
that  is  cheap  but  reliable. 

I  would  also  like  to  raise  the  problem  of  the  men  who  will  have  to 
operate  these  systems.  Despite  recent  events,  it  is  unlikely  that  our  armed 
forces  will  be  expanded.  Robots  therefore  will  have  to  bring  overall 
savings  in  manpower;  I  say  "overall”  because  we  must  not  forget 
maintenance  personnel;  so  an  anti-tank  robot  must  not  require  more 
personnel  than  today's  conventional  anti-tank  vehicle. 

12.  Effectiveness 

Robots  will  also  have  to  be  quick  and  easy  to  deploy  and  must  be  able 
to  keep  pace  with  manoeuvres,  particularly  those  designed  to  operate  with 
front  line  units. 

Ruggedness  will  be  a  component  of  effectiveness;  physical 
ruggedness  but  also  ruggedness  of  design.  The  more  intelligence  that  is 
packed  into  armament  systems,  the  more  important  it  becomes  for  the 
enemy  to  try  to  deceive  all  the  sensors  and  hence  the  man  at  the  other  end 
of  the  tele-operation  link.  We  are  developing  enough  optical  and  electronic 
counter  measures  equipment  to  know  the  dangers  that  such  robots  run. 
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The  effectiveness  of  robots  on  the  battlefield  also  depends  on 
surprise  :  not  the  tactical  surprise  in  attacking  the  enemy  where  he  least 
expects  it,  but  the  technical  surprise  when  the  enemy  discovers 
unexpected  and  effective  robot  systems  on  the  battlefield. 

That  is  why,  at  the  risk  of  shocking  some  among  you,  it  seems  to  me 
essential  for  their  success  that  some  types  of  robot  should  not  be  publicised 
and  their  development  should  remain  secret.  This  is  difficult  to  achieve  in 
Western  countries  particularly  with  robots  produced  in  large  volume,  but  I 
am  sure  that  this  would  contribute  greatly  to  their  effectiveness.  It  would 
be  interesting  to  examine  in  detail  this  aspect  of  everything  that  was  used 
in  the  Gulf. 

13.  Survivability 

Survivability  can  be  achieved  in  a  number  of  conventional  ways, 

-  camouflage, 

-  small  size. 

-  discretion. 

-  armour,  etc. 

We  should  also  not  forget  agility.  This  was  mentioned  yesterday 
morning. 

Agility  includes  speed  and  acceleration.  Everyone  was  surprised 
during  the  recent  PARIS-DAKAR  race  by  the  cruising  speeds  and  top 
speeds  (typically  150  km/h)  that  vehicles  can  achieve  over  difficult  terrain. 
The  vehicles  may  have  been  specially  prepared,  but  they  are  still  vehicles. 
It  is  possible  now  to  envisage  robots  which  of  course  will  look  nothing  like 
cars  but  will  be  capable  of  the  off-road  performance  of  VATANEN  in  his 
Citroen  AX  but  above  all  will  be  able  to  accelerate  at  rates  (10  g)  that  a 
man  could  not  endure  and  would  pose  real  problems  for  enemy  fire  control 
systems. 

2.  TACTICAL  BENEFITS 


Having  examined  what  is  needed  for  robotics  to  succeed  on  the  battlefield, 
we  must  now  examine  the  tactical  benefits  offered  by  robotics;  I  will  examine 
two  combat  situations  -  offensive  and  defensive  -  and  one  very  important 
function  -  logistics. 

21.  Offensive 

This  is  the  type  of  combat  we  are  all  familiar  with  and  which  was 
recently  demonstrated  in  Kuwait.  On  the  tactical  level,  this  always 
involves  taking  key  ground  positions,  towns  and  strategic  crossing  points. 
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A  number  of  robots  spring  to  mind  : 

-  a  mine  detection  and  mine  clearance  robot:  this  requirement 
is  not  well  satisfied  at  the  moment;  it  would  require  mini 
vehicles  with  special  cameras  capable  of  detecting  mines  by 
their  signatures  and  tracing  the  boundaries  of  mine  fields. 
For  the  actual  clearance  of  mines,  robotisation  does  not,  in 
the  medium  term,  provide  a  rapid  solution,  but  for  intelligent 
mines  that  are  less  densely  seeded  because  of  their  cost,  a 
decoy  robot  going  in  ahead  of  operational  units  could  be  a 
great  asset  in  revealing  the  presence  of  mines  and  taking  the 
first  hits. 

-  we  could  imagine  "trench  clearing"  robots  that  would  be  sent 
to  neutralise  strong  points  and  the  forces  manning  them: 
such  small  robots  would  be  difficult  to  detect  and  could  be 
called  mobile  anti-personnel  mines.  Such  robots  capable  of 
getting  in  amongst  rubble  and  buildings  would  be  an  ideal 
weapon  for  street  fighting. 

In  an  encircling  movement,  robots  could  be  used  for  flank 
operations.  They  could  watch  routes  and  key  points  and  would  also  be 
capable  of  engaging  the  enemy  to  prevent  him  finding  out  that  the 
flank-guard  consists  of  robots. 

22.  Defensive 

The  robot  seems  ideal  for  harrassing  manoeuvres.  It  then  operates 
on  known  territory  that  is  occupied  by  allied  forces.  It  can  take  advantage 
of  previously  recognised  positions  and  can  be  programmed  to  occupy  a 
number  of  successive  positions. 

Two  types  of  robot  would  be  very  useful  in  this  manoeuvre. 

First,  the  anti-tank  robot,  would  use  ambush  tactics  or  would  probe 
enemy  positions.  In  this  situation,  the  problem  of  discriminating  between 
targets  is  greatly  eased  and  the  soldier's  stress  factor  is  reduced  so  the 
harrassing  tactics  could  be  more  effective  than  with  men. 

The  second  would  be  an  intelligence  gathering  robot  -  a  kind  of  deep 
probing  reconnaissance  unit  installed  by  allied  forces  and  capable  of 
sending  back  information  as  it  is  overtaken  by  the  advancing  enemy;  it 
would  work  in  the  electromagnetic,  visible  and  infra-red  spectrum. 

23.  Logistics 

There  is  a  promising  future  in  logistics  for  robots  since;  they  have  the 
advantage  of  already  being  fairly  easy  to  produce.  This  mainly  involves  : 
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handlers  capable  of  automatically  transferring  loads  from  one 
place  to  another, 

maintenance  robots  capable  of  automatically  testing  and 
replacing  electronic  or  mechanical  assemblies  in  vehicles, 

decontamination  robots  for  use  in  semi-automatic  units  for 
chemical  decontamination  of  equipment. 

This  list  is  by  no  means  exhaustive.  It  does  not  represent  the  main 
focus  of  the  army  general  staff's  effort,  but  is  intended  to  draw  attention  to 
the  potential  of  military  ground  robotics. 


IMPLEMENTATION  IN  THE  FORCES 


This  last  point  allows  me  to  broach  the  subject  of  timetables.  Up  to 
now  I  have  carefully  avoided  distinguishing  between  autonomous  robots  and/or 
tele-operated  robots. 

But  the  examples  I  have  given  show  that  besides  the  long  term 
approach  there  is  a  more  pragmatic  approach  using  tele-operation  and  the 
technological  building  blocks  that  are  currently  available. 

Indeed,  the  first  generation  robots  which  will  be  in  service  in  the 
forces  by  the  end  of  this  century  ought  to  be  tele-operated. 

There  are  two  reasons  for  this  : 

we  already  know  about  tele-operation, 

we  need  to  gain  initial  tactical  know-how  and  familiarise 
ourselves  with  the  use  of  such  weapons  while  assessing  their 
vulnerabilities  on  the  battlefield.  This  would  certainly  lead  to  a 
redefinition  of  operational  requirements. 

For  France.  I  run  thinking  of  preliminary  studies  in  1991/1993  and 
then  the  production  of  heavy  duty  demonstrators  for  trials  in  1994/1995;  we 
could  then  consider  development  beginning  in  199B. 

Development  costs  of  the  first  robots  will  be  within  affordable  limits 
and  unit  costs  will  be  relatively  low  if  we  use  commercially  available  weapons 
and  sensors. 

The  second  generation  that  would  enter  service  in  2010  -  2015  would 
benefit  from  new  technical  know-how  and  would  have  a  certain  measure  of 
autonomy  ror  clearly  specified  phases  of  their  mission. 

The  third  generation  will  emerge  at  a  time  I  would  not  hazard  to 
predict  and  will  be  almost  completely  autonomous  in  every  aspect  of  operation. 
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CONCLUSION 


In  conclusion,  I  would  reaffirm  that  ground  mobile  robotics  has  a 
place  on  the  battlefield.  The  position  it  occupies  will  depend  on  our  ability  to 
introduce  it  gradually  and  intelligently  into  areas  where  there  is  a  clear 
operational  requirement. 

Military  robotics  is  not  an  end  in  itself.  The  battlefield  robot  is  a 
weapon  or  a  resource  used  by  the  soldier  to  increase  his  capacity  to  fight  in  space 
and  time  and  to  increase  his  chances  of  survival  in  carrying  out  his  job. 

All  our  countries  have  begun  or  are  going  to  begin  robotics  projects. 
Users  must  be  closely  involved  in  the  design  stage  and  we  have  seen  that  very 
few  users  are  present  here  today. 

I  would  like  to  end  with  a  wish  :  that  our  countries  embark  on  a 
course  of  collaboration  and  cooperation  that  will  prevent  duplication  of  effort 
and  save  time  and  money. 
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EXPOSE  DU  COLONEL  MARESCAUX 
(Etat-Major  de  l'Armee  de  terre  Frangaise) 


On  m'a  demande  de  presenter  le  point  de  vue  operationnel  ;  je 
le  fais  tres  volontiers  puisque  mon  service  a  l'Etat-major  de  l'Armee  de 
terre  est  charge  de  definir  les  besoins  operationnels  et  les  concepts  de 
systemes  correspondants. 

C'est  en  1984  que  l'Armee  de  terre  frangaise  que  je  represente 
ici  s' est  lancee  dans  une  reflexion  sur  la  robotique  appliquee  au  champ  de 
bataille. 


11  nous  a  paru  necessaire  de  mener  cette  reflexion  car  le 
besoin  n'est  pas  facile  a  analyser  et  se  lancer  directement  dans  un 
developpement  exploratoire  pouvait  se  reveler  aventureux. 

Avant  de  commencer  je  voudrais  limiter  mon  domaine  d' etude  a 
la  seule  robotique  mobile  terrestre. 

J'excluerai  done  volontairement  la  robotique  aerienne  et  le 
telepilotage. 

La  robotique  aerienne,  nous  savons  qu'elle  a  fait  ses  preuves 
lors  de  1 'operation  Paix  en  Galilee,  nous  connaissons  la  relative  facility 
qu ' of f re  le  milieu  homogene  dans  lequel  se  deplace  le  vehicule  aerien  et 
les  pays  presents  ici  maitrisent  la  technologie  des  charges  utiles 
qu'elles  soient  de  reconnaissance,  de  guerre  electronique  ou  de 
destruction . 


J'ai  elimine  aussi  de  notre  champ  de  reflexion  le  telepilotage 
d'engins  actuels  car  ils  font  partie  de  la  realite  de  nos  equipements  meme 
s'ils  sont  encore  perfectibles.  Dans  cette  application  se  situent 
principalement  les  engins  de  deminaae  telepilctes  ;  nous  en  avons  utilise 
dans  le  Golfe. 

Je  voudrai  dire  ceci  : 

Toute  etude  du  besoin  operationnel  et  on  l'a  bien  vu  depuis  le 
debut  de  ce  seminaire  fait  ressortir  inevitablement  que  le  combattant 
aimerait  voir  le  robot  accomplir  pour  lui  des  taches  danqereuses  et 
penibles.  Ceci  semble  tellement  evident  que  l’on  pourrait  le  qualifier  de 
trivial  ;  cela  cache  en  fait  une  difficulty  majeure,  celle  d'apprecier 
reellement  au  niveau  operationnel  les  apports  de  la  robotique.  Cette 
difficulty  que  nous  avons  a  nous  projeter  dans  le  futur  loint  d'etre  un 
echec  est  en  realite  le  signe  typique  d'une  diversity  de  possiblites 
operationnel les  et  techniques  qui  sont  en  germe... 
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Alors  au  lieu  de  vous  exposer  des  concepts  de  robots  et  nous 
en  avons  vu  beaucoup  ces  jours-ci,  je  prefere  aborder  mon  expose  du  besoin 
militaire  en  examinant  sucessivement  la  robotique  sousles  trois  aspects  de 
sa  credibilite,  de  son  apport  probable  a  la  tactique,  et  de  sa  mise  en 
service  dans  les  forces. 


1.  LA  CREDIBILITE. 

La  credibilite  de  la  robotique  sur  le  champ  de  bataille 
repose,  a  mon  avis,  sur  trois  facteurs  importants  :  1 ' integration  de 
la  robotique  au  sein  des  forces,  les  conditions  de  son  efficacite  et 
certains  aspects  de  sa  survivabilite. 


11.  Integration  au  sein  des  forces. 

Ce  point  est  essentiel  ;  on  I'a  dit  hier  ici,  il  faut  que  le 
robot  soit  accepte  p3r  le  combattant  comme  un  outil  intelligent 
canable  de  se  mouvoir  non  seulement  dans  la  f range  des  contacts  ou 
en  zone  ennemie  mais  aussi  parmi  les  amis,  qu'il  soit  teleopere 
(lere  generation)  ou  semi-autonome  (2eme  generation). 

Supposons  un  instant,  un  robot  anti-char  capable  de  detecter 
et  de  detruire  un  char,  peu  d'equipages  de  blindes  aimeraient  voir 
ce  genre  d'engin  se  deplacer  au  sein  de  leur  unite.  Cela  suppose 
done  que  les  robots,  armes  ou  non,  dotes  d'un  certain  niveau  de 
comportement  reflexe  dans  leur  fonction  de  reconnaissance  ou  de 
tir,  soient  caoables  d' identifier  avec  certitude  leur  objectif  ; 
cela  pose  le  probleme  non  resolu  mais  sur  lequel  vous  menez  des 
reflexions,  a  savoir  un  systeme  d' identification  terrestre  peu 
couteux  mais  fiable. 

Je  voudrais  evoquer  egalement  le  probleme  des  hommes  qui 
devront  servir  ses  systemes.  malgre  les  evenements  que  nous  avons 
vecu,  il  est  peu  probable  que  les  effectifs  de  nos  forces  armees 
augmentent.  Les  robots  devront  done  engendrer  globalement  des 
economies  en  personnes  ;  je  dis  globalement  car  il  faut  penser  aux 
personnels  de  maintenance  ;  ainsi  un  robot  antichar  ne  devra  pas 
necessiter  plus  de  personnels  qu'un  vehicule  classique  antichar 
d 1 auj  oud'hui . 


12.  Efficacite 

Les  robots  devront  egalement  etre  de  mise  en  oeuvre  rapide 
et  simple,  compatible  avec  le  rythme  de  la  manoeuvre,  notamment 
ceux  destines  a  operer  avec  les  unites  de  premier  echelon. 

La  robustesse  sera  un  gage  d' efficacite  ;  robustesse 
mecanique  mais  robustesse  aussi  au  niveau  de  la  conception.  Plus 
l'on  met  d1 intelligence  dans  un  systeme  d'armes  plus  il  devient 
interessant  pour  l'adversaire  d'essayer  de  tromper  1 'ensemble  des 
capteurs  et  done  l'homme  qui  se  trouve  a  l'extremite  de  la 
liaison.  Nous  developpons  suffisamment  d'armes  antioptroniques  et 
de  contre-mesures  electroniques  pour  etre  conscients  du  danger  que 
peuvent  courir  ces  robots. 

A4 . 8 
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L'efficacite  des  robots  sur  le  champ  de  bataille  repose 
egalement  sur  le  facteur  surprise,  non  pas  la  surprise  tactique 
qui  consiste  a  attaquer  l'ennemi  la  ou  il  ne  s'y  attend  pas,  mais 
la  surprise  technique  que  ressent  l'adversaire  lorsqu'il  decouvre 
sur  le  champ  de  bataille  l'existence  d'engins  inconnus  et 
efficaces. 

C'est  pourquoi,  au  risque  de  choquer  nombre  d'entre  vous,  il 
me  semble  essentiel  pour  leur  succes  que  certains  types  de  robots 
ne  fassent  pas  l'objet  de  publicity  et  que  leur  developpement 
reste  conf identiel .  Ce  comportement  est  difficile  a  obtenir  dans 
nos  pays  occidentaux  surtout  s'il  s'agit  de  robots  construits  en 
grand  nombre  mais  je  reste  persuade  qu'il  contribuerait  fortement 
a  leur  efficacite.  A  ce  sujet  il  sera  interessant  d' examiner  en 
detail  tout  ce  qui  a  ete  utilise  dans  le  Golfe. 


13.  Survivabilite 

Cette  qualite  peut-etre  obtenue  par  plusieurs  moyens 
classiques . 

-  le  camouflage 

-  le  faible  volume, 

-  la  discretion, 

-  le  blindage,  etc.. 

Je  pense  qu'il  ne  faut  pas  oublier  non  plus  l'agilite.  On 
1'a  evoquee  ici  hier  matin. 

Cette  notion  comprend  a  la  fois  la  vitesse  et  les 
accelerations.  Tout  le  monde  a  ete  surpris  lors  du  dernier 
PAR1S-DAKAR  par  les  vitesses  de  croisiere  et  de  pointe 
(tvpiquement  150  km/h)  que  sont  capables  d'atteindre  sur  des  sols 
difficiles  des  vehicules  automobiles,  certes  prepares 
specialement,  mais  qui  restent  des  voitures.  11  est  possible 
aujourd'hui  d'envisaaer  la  realisation  de  robots,  qui  bien  sur  ne 
ressemblent  pas  de  pres  ou  de  loin  a  des  voitures,  capables 
d'apDrocher  les  performances  en  tout  terrain  de  VATANEN  sur  son 
vehicule  AX  Citroen,  mais  surtout  de  beneficier  decelerations 
(10  g)  insupportables  pour  l'homme  et  qui  poseraient  de 
redoutables  problemes  aux  conduites  de  tir  adverses. 


2.  L'APPORT  DE  LA  R0B0T1QUE  A  LA  TACTIQUE. 


Apres  avoir  examine  les  conditions  du  succes  de  la  robotique 
sur  le  champ  de  bataille,  il  nous  faut  examiner  l'apport  de  la 
robotique  a  la  tactique  ;  j'examinerai  deux  situations  de  combat  : 
l'offensive  et  la  defensive  ainsi  qu'une  fonction  tres  importante  la 
logistique. 


21.  Dans  l'offensive 

11  s'agit  du  type  de  combat  que  tout  le  monde  connait  et  qui 
vient  de  se  derouler  au  Kowiet.  Au  niveau  tactique  cela  comporte 
touiours  la  prise  de  possession  de  positions  cle  du  terrain, 
d'agglomerations,  de  points  de  f ranchissements. 
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Un  certain  nombre  de  robots  peuvent  etre  envisages  : 

-  robot  de  detection/deminage  :  voila  un  besoin  mal 
satisfait  aujourd'hui  ;  il  s'agirait  de  mini-vehicules 
dotes  de  cameras  speciales  capables  de  detecter  les  mines 
par  leur  signature  et  de  tracer  le  pourtour  des  champs  de 
mines.  Pour  la  fonction  deminage  proprement  dite  la 
robotisation  ne  permet  pas  d'envisager  dans  le  moyen  terme 
des  solutions  permettant  un  deminage  rapide,  mais  face  aux 
mines  intelligentes  dont  la  densite  sera  plus  faible 
compte  tenu  de  leur  cout,  un  robot  de  leurrage  charge  de 
passer  devant  les  formations  pourrait  s'averer  precieux  en 
revelant  la  presence  des  mines  et  en  encaissant  les 
premiers  coups. 

-  on  peut  envisager  des  robots  "nettoyeurs  de  tranchees" 

charges  d'aller  neutraliser  les  points  d'appui  et  les 
hommes  qui  les  servent  ;  ces  robots  de  oetite  taille  dif- 
ficilement  reperable  pourrait  etre  qualifies  de  mines 
anti-personnels  mobiles.  Ces  robots  capables  de 

s'infiltrer  dans  des  eboulis,  dans  des  batiments  seraient 
l'arme  ideale  pour  le  combat  de  rue. 

Dans  une  offensive  avec  enveloppement  on  peut  envisager 
1 'utilisation  de  robots  dans  un  role  c'e  flanc-garde.  11s  seraient 
charges  de  la  surveillance  des  itineraires  et  des  points  cles  et 
ils  seraient  egalement  capables  de  prendre  a  parti-  l'adversaire 
pour  eviter  de  laisser  deceler  que  la  flanc-garde  est  composee  de 
robots. 


22.  Dans  la  defensive 

Le  robot  semble  tout  a  fait  adapte  a  la  manoeuvre 
retardatrice .  Cette  phase  lui  permet  d'operer  sur  un  terrain  connu 
et  occupe  par  des  forces  amies.  11  peut  profiter  de  positions 
reconnues  a  l'avance  et  etre  planifie  pour  occuper  plusieurs 
positions  successives. 

Deux  types  de  robot  seraient  tres  interessants  dans  cette 
manoeuvre . 

Le  premier  a  vocation  antichar  agirait  par  embuscade  ou 
jalonnement  des  forces  adverses.  Dans  cette  situation  le  probleme 
de  la  discrimination  des  cibles  est  grandement  facilite  et  le 
facteur  stress  du  combattant  disparaissant  on  pourrait  envisager 
des  f reinages  plus  durs  que  ce  que  1'on  peut  esperer  avec  des 
hommes . 

Le  second  serait  un  robot  de  renseignement,  sorte  d'unite<A» 
recherche  dans  la  profondeur,  mis  en  place  par  les  forces  amies  et 
capable  de  renseigner  en  se  laissant  depasser  ;  il  travai llerait 
dans  le  spectre  electromagnetique ,  visible  et  1R. 


23.  Dans  la  logistique 

11  y  a  un  bel  avenir  pour  les  robots  ;  ceux-la  presentent 
l'avantage  d'etre  deja  realisables  sans  trop  de  difficultes.  11 
s'agit  principaiement  : 
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-  des  manipulateurs,  capables  de  transferer  automatiquement 
des  charges  d'un  lieu  a  un  autre, 

-  de  robots  de  maintenance  capables  de  tester  et  de 
remplacer  automatiquement  des  ensembles  electroniques  ou 
mecaniques  a  l'interieur  d'un  vehicule, 

-  de  robots  de  decontamination  permettant  la  creation 
d'unites  de  decontamination  chimique  semi-automatique  pour 
les  materiels. 


Cette  liste  n'est  evidemment  pas  exhaustive,  elle  ne 
represente  pas  les  axes  d'effort  de  I'Etat-Major  de  1'Armee  de 
Terre,  mais  elle  est  destinee  a  focaliser  l'attention  sur  les 
capacites  de  la  robotique  terrestre  militaire. 


3.  M1SE  EN  SERVICE  DANS  LES  FORCES. 


Ce  dernier  point  me  permettra  d'aborder  les  calendriers. 
Jusqu'a  present  j'ai  evite  soigneusement  de  distinguer  entre  la 
robotique  autonome  et/ou  teleoperee. 

Mais  les  exemples  que  j'ai  pu  donner  montrent  qu'a  c5te 
d'une  approche  long  terme  existe  une  approche  plus  pragmatique 
utilisant  la  teleoperation  et  les  briques  technologiques  disponibles 
aujourd'hui. 

En  effet,  il  est  souhaitable  que  la  premiere  generation  de 
robots  qui  sera  en  service  dans  les  forces  a  la  fin  de  ce  siecle  soit 
teleoperee. 

11  y  a  pour  cela  2  raisons  : 

-  on  sait  deja  faire  de  la  teleoperation, 

-  d'autre  part  il  nous  faut  acquerir  un  premier  savoir-faire 
tactique  et  nous  familiariser  avec  1 'utilisation  de  ces 
armes  tout  en  evaluant  leur  vulnerability  sur  le  champ  de 
bataille.  Ceci  aboutira  certainement  a  une  redefinition 
des  besoins  operationnels. 

Pour  la  France  je  pense  a  des  etudes  de  predefinition  en 
1991-1993,  puis  a  la  realisation  de  demonstrateurs  robustes  avec 
essais  en  1994-1995  ;  on  pourrait  alors  envisager  le  lancement  d'un 
developpement  a  partir  de  1996. 

Les  premiers  robots  devront  avoir  des  couts  de  developpement 
compatibles  avec  nos  ressources  et  des  couts  unitaires  relativement 
faibles  si  l'on  utilise  des  armes  et  des  senseurs  disponibles  sur  le 
marc he. 


La  deuxieme  generation  mise  en  service  en  2010-2015 
beneficiera  des  nouveaux  acquis  techniques  et  jouira  d'un  certain 
niveau  d'autonomie  pour  des  phases  bien  precises  de  sa  mission. 

Quant  a  la  troisieme  generation,  elle  arrivera  a  un  horizon 
que  je  ne  me  risquerais  pas  a  predire,  elle  disposera  d'une  autonomie 
presque  complete  dans  toutes  les  phases  de  sa  mission. 
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CONCLUSION. 


Au  moment  de  conclure,  je  voudrais  reaf firmer  encore  une 
fois  que  la  robotique  mobile  terrestre  a  sa  place  sur  le  champ  de 
bataille.  Elle  sera  d'autant  plus  grande,  cette  place,  que  nous  aurons  su 
mettre  la  robotique  en  place  progressivement  et  intelligemment,  en 
l'appliquant  aux  domaines  ou  elle  apparait  comme  un  besoin  operationnel 
evident. 


Car  la  robotique  militaire  n'est  pas  une  fin  en  soi,  le 
robot  du  champ  de  bataille  est  une  arme  ou  un  moyen  au  service  du 
combattant  pour  lui  permettre  d'accroitre  sa  capacite  a  se  battre  dans 
l'espace  et  dans  le  temps  en  lui  assurant  dans  1 ’accomplissement  de  ses 
missions  des  chances  de  survie  accrues. 

Tous  nos  pays  sont  lances  ou  vont  se  lancer  dans  des 
programmes  de  robots.  II  faut  que  les  operationnels  soient  associes  tres 
etroitement  a  la  conception  et  nous  avons  vu  que  les  operationnels  sont 
ici  peu  nombreux. 

Alors  je  voudrais  terminer  sur  un  souhait  :  que  l'on  trouve 
entre  nos  pays  les  concertations  ou  les  cooperations  qui  permettront 
d'eviter  les  duplications,  et  par  la  de  gagner  du  temps  et  de  l'argent. 
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USER'S  CONCEPTS 


Conclusion 
by  Erich  SCHWAN 


Robotic  does  not  only  mean  emerging  technology  and  new  technical  approaches 
but  has  a  great  impact  on  operational  concepts. 

So  permanent  close  contact  between  researchers,  technicians  and  the  user 
from  an  early  stage  is  required  to  ensure  a  successful  systematic 
exploitation  of  this  new  means. 

In  the  morning  session  of  March  7  "User's  Concepts"  a  lot  of  different 
ideas  were  presented  by  the  different  speakers  how  to  get  the  user 
interested  in  Robotics  and  how  to  develop  and  field  Robotic  systems. 

One  way  to  proceed  was  to  get  the  user  involved  as  early  as  possible. 
Another  approach  was  to  present  the  user  Robotic  capabilities  and  let  him 
decide  weather  he  wanted  to  use  them. 

A  third  approach  was  to  prove  by  means  of  an  experimental  program  that  some 
military  functions  could  be  supported  by  Robotic  Technologies. 

But  basically  all  approaches  had  in  common  the  modularity  of  Robotic 
systems  and  also  the  modular  way  to  introduce  Robotics  into  the  military 
domain . 
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INTEGRATION  AND  ARCHITECTURE  SESSION  1 


Conclusion 
by  C.  FAROEON 


1  -  Two  technology  demonstrators  were  presented  by  RARDE  (UK)  MARDI  using  a 
tracked  vehicle  has  testbed  and  ROVA  using  a  van.  The  MARDI  programme  has 
reached  the  early  stages  of  autonomy  while  the  ROVA  Dodge  Van  has 
successfully  autonomously  driven  along  simple,  but  unmarked  roads  at  up  to 
40  km/h. 


2  -  There  is  a  need  for  dedicated  terrains  for  robotics  field  testing  with  AI 
simulation  programme  to  achieve  appropriate  real  time  testing  of  robots  AI 
capabilities.  Some  standardized  procedures  or  benchmark  methodology  is 
needed  to  enable  comparisons  between  testbeds. 


3  -  The  interest  of  a  systematic  approach  for  a  Human  Machine  Interface  for 
robot  control  was  demonstrated  in  two  programs  EROS  (Germany)  and  UGV  (US 
Navy) . 


4  -  The  fiber  optic  Grumman  TMAP  (US)  focuses  on  reducing  operator  workload  to 
enable  one  operator  to  control  one  mobile  robot  and  monitor  a  number  of 
stationary  robots. 

Many  programs  are  concerned  with  the  autonomy  of  mobility,  other  functions 
being  left  aside  waiting  for  more  precise  operational  needs 
spectifications . 
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HAN  MACHINE  INMACE  SESSION  1 

Conclusions 
by  David  C.  HODGE 


1  -  There  appears  to  be  a  strong  desire  to  use  teleoperated  systems  on  the 

battlefield.  But  an  insufficient  amount  of  research  has  been  conducted  to 
optimize  the  characteristics  of  the  operator-robot  interface. 

2  -There  is  a  need  for  more  testbed  platforms,  as  well  as  standardized  testing 

conditions . 

3  -  Attention  should  be  given  to  changes  in  interface  requirements  as  more 

autonomy  is  introduced  into  robotic  systems. 

4  -  National  support  is  needed  for  increased  research  on  operator- robot 

interface  so  operator  performance  may  be  enhanced. 
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SENSORS  AND  PILOTING  1 


Conclusions 

by  Maj .  Gen.  G.  MAURANDI 


The  first  session  on  "sensors  and  concepts  for  piloting"  was  planned  on 
four  conferences,  unfortunately,  due  to  travel  problems  occurred  to  the 
U.S.  Delegation,  only  the  following  two  conferences  took  place  : 

An  object-oriented  layer-based  approach  to  image  understanding  in 

unstructured  environments  (lecturer  Dr.  N.  PITACCO)  ; 

Intelligent  perception  control  system  for  mobile  robot  (lecturer  Dr. 

A.  KOENIG). 

The  first  conference  regarded  an  approach  for  unstructured  environments  of 
the  interpretation  in  articicial  vision.  The  presented  model,  called 
"PANTHEON" ,  is  a  concrete  attempt  to  realize  a  homogenous  model,  easily 
expandable  on  growing  task  domains.  The  approach  is  characterized  by  a 
hierarchical  architecture  an  by  a  distributed  control  strategy,  which 
grants  a  straighforward  implementation  on  parallel  hardware.  PANTHEON  is 
currently  applied  in  the  development  of  the  Artificial  Vision  Sub-System  of 
an  Advanced  Mobile  Robot  (AMR1)  within  the  EUREKA  project  EU18.  At  the 
moment  it  is  able  to  recognize  one  or  more  roads  in  a  noisome  environment. 
The  implementation  on  parallel  hardware  should  allow  to  exploit  the  full 
potentiality  of  the  PANTHEON  model. 

The  second  conference,  "Intelligent  perception  control  system  for  mobile 
robot",  started  with  an  introduction  explaining  the  need  for  a  mobile  robot 
to  control  its  perception.  The  authors  have  developed  an  intelligent 
preception  controller  based  on  a  blackboard  architecture,  named  "GESPER" 
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(acronym  for  GEStion  de  la  PERception) .  The  "blackboard"  architectures  are 
distributed  structures  which  have  the  advantages  of  modularity,  flexibiity, 
asynchronism,  with  a  low  and  afast  communications  flow  within  the  modules, 
GESPER  is  connected  to  the  navigation  module.  It  reacts  dynamically  to  any 
unexpected  change  in  the  environment  or  in  the  robot  (operator  intervention 
sensor  failure,  ect.).  The  perception  actions  are  sent  to  the  actuators.  In 
conclusion,  GESPER  is  of  great  interest  for  all  robotic  applications.  It 
provides  a  generic  development  architecture  :  new  sensors  and  new  data 
processing  can  be  easily  integrated  depending  on  the  application. 

These  few  but  significant  conferences  stressed  some  remarkable  improvements 
in  the  following  fields  :  scene  interpretation,  intelligent  perception, 
data  fusion  and  data  processing.  These  improvements  allow  to  move  forward 
the  most  demanding  goal  of  Robotics  :  a  completely  autonomous  mobile  robot, 
able  to  intelligently  interact  with  all  the  environments. 
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INTEGRATION  ARCHITECTURE  2 

Conclusion 

by  Lt.  Col.  Y.  BAUDOUIN 


A  -  TWO  APPROACHES 

1)  Mechanical  design  of  the  robot  (architecture,  running  gear, 
structure)  based  on  in-depth  analysis  of  the  basic  missions 
(actions)  that  robotised  systems  can  be  asked  to  perform. 

2)  Construction  of  a  "first  generation"  mobile  robot  (rudimentary 
mobile  platform)  as  a  basis  for  developing  the  command,  control. 
DP  and  other  related  functions. 

These  two  approaches  will  converge  operationally  towards  the  end 
of  the  century. 

B  -  It  would  seem  that  we  are  witnessing  more  intensive  use  of  highly 
connected  networks  (neutral  networks)  for  the  inteligent  control  of 
robots  based  on  camera  reconnaissance.  At  this  stage,  image 
reconnaissance  is  crucial  to  mobility,  but  even  though  everyone  is 
talking  about  hostile  environments,  most  environments,  such  as  roads, 
are  part  of  the  peacetime  infrastructure. 
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MAN  MACHINE  INTERFACE  -  SESSION  2 


Conclusion 
by  J.  GRODSKI 


Man  Machine  Interface  -  Session  2  -  contained  diverse  reports  on 

teleoperated  existing  systems  and  systems  currently  under  development  in 
North  America  and  Europe,  practical  features  and  aspects  of  the  systems 
constituted  the  common  thread  in  the  presentations. 

Various  levels  and  capabilities  of  man  robot  interface  were  discussed  and 
once  again  the  significance  of  the  operator  in  the  man  robot  system  was 
demonstrated. 
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SENSORS  AND  PILOTING  2 


Conclusion 
by  Dr  BATEMAN 


This  was  the  second  session  concerned  with  the  techniques  necessary  for 
successful  navigation  of  unmanned  vehicles  both  for  full  autonomy  and  as 
aids  for  teleoperated  driving. 

M.  Bartha  (Dornier)  and  J.P.  Cariou  (ONERA)  both  described  advances  in 
scanning  laser  systems  for  sensing  the  environment  in  3D  Real  time 
operation  in  a  size  and  weight  compatible  with  vehicle  integration  was 
demonstrated.  It  remains  to  be  seen  if  the  data  from  such  systems  can  now 
be  processed  to  provide  useful  navigation  information  for  autonomous 
navigation  in  a  realistic  terrain  environment. 

Passive  sensing  by  TV  imagery  again  presents  a  formidable  real  time 
processing  problem.  C.P.  Blackman  (RARDE)  described  a  neutral  network 
approach  to  image  segmentation  which  attempts  to  solve  this  problem  but 
which  now  places  the  onus  on  effective  training  of  the  networks.  Optical 
flow  and  colour  analysis  were  illustrated  as  means  of  obtaining  obstacle 
detection  and  shadow  rejection  respectively,  two  problems  which  up  till  now 
have  been  fundamentally  difficult  for  passive  sensing  alone. 

The  paper  by  J.  Sharman  (STC)  was  the  only  paper  at  the  symposium 
specifically  devoted  to  the  all  important  subject  of  RF  communications 
which  is  fundamental  to  the  widespread  application  of  unmanned  vehicles. 
Discussion  centres  on  the  limitations  to  non  line  of  sight  operation  which 
arise  from  the  choice  of  a  high  carrier  frequency  necessary  to  support 
video  transmission .  The  alternative  of  low  bandwidth  image  transmission  at 
VHF  frequencies  is  fatiguing  for  the  teleoperator,  and  a  degree  of  autonomy 
is  necessary  to  combat  the  occurrence  of  fading.  Advantages  of  digital 
transmission  and  the  application  of  spread  spectrum  techniques  for 
achieving  covert  commands  from  the  human  controller  were  stressed. 
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Stabilisation  of  imaging  sensors  will  be  necessary  for  cross  country 
operation  and  D.  Butler  (CDc)  illustrated  an  alternative  to  conventional 
inertial  stabilisation  by  using  electronic  image  stabilisation.  This  relies 
on  tracking  high  contrast  features  in  the  scene  from  frame  to  frame. 
Whether  such  features  will  be  available  in  sufficient  strengh  in  the 
general  battlefield  scene  must  remain  in  doubt. 

The  session  addressed  a  number  of  important  and  promising  techniques  which 
are  now  emerging  from  the  laboratory.  Field  testing  is  now  required  to 
prove  whether  they  can  cope  effectively  with  unstructured  environment  of 
the  simulated  battlefield. 
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Tel:  (01)64  29  008 

ITALY 

MOD  Italy 

SEGREDIFESA  IV  Reparto  PF.RS 
Via  XX  Settembre,  1 23/A 
00100  Roma 

Tel:(06)735  3339,  Fax:(06)481  4264 


SPAIN 

DGAM 

C /  Arturo  Soria  289 
28033  Madrid 

Tel:(91  >2020640,  Fax  (91)2028047 

TURKEY 

Genelkurmay  Genel  Plan  Prensipler 
Savunma  Arajtirma  Daire  Ba^kanligi 
Ankara 

Tel:(4)1 1 761 00  ext.1 684,  Fax:(4)1 1 763386 

UNITED  KINGDOM 

DRIC. 

Kentigern  House,  65  Brown  Street 
Glasgow  G2  8EX 

Tel:(041)224  2435,  Fax:(041)224  2145 

UNITED  STATES 

DTIC 

Cameron  Station 
Alexandria,  VA  22304-6145 
Tel:(202)274-7633,  Fax:(202)274-5280 


DEFENCE  RESEARCH  SECTION 
NATO  HEADQUARTERS 
B  1110  BRUSSELS 
BELGIUM 

Telephone  [32|(2)728  4285  -  Telefax  |32](2)728  4103 

(not  a  DRG  Document  Distribution  Centra) 


UNCLASSIFIED  •  UNLIMITED 


